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a  b  s  t  r  a  c  t
Nanocrystalline  meta-zinc  titanate  (ZnTiO3)  ceramic  was  prepared  using a self-propagating  solution  com-
bustion synthesis  (SCS)  for the ﬁrst time  using  urea  as fuel.  The  product  was  calcined  at  800 ◦C for  2  h
to  improve  the  crystallinity.  Powder  X-ray  diffraction  (PXRD),  Fourier  transform  infrared  spectroscopy
(FTIR),  scanning  electron  microscopy  (SEM),  energy-dispersive  X-ray  spectroscopy  (EDAX),  high  reso-
lution  transmission  electron  microscopy  (HR-TEM)  and  UV–vis  absorption  spectroscopy  were  used to
characterize  the  ﬁnal  product.  PXRD  results  show  that  the  ilmenite  type  rhombohedral  structure  was
formed  when  the  sample  was  calcined  at 800 ◦C for 2 h. Adsorption  experiments  were performed  with
cationic  malachite  green  (MG)  dye.  ∼96%  dye was  adsorbed  onto  nanocrystalline  ZnTiO3 ceramic  at
pH  9 for 30  min  of  the  contact  time.  The  optimum  adsorbent  dose  was  found  to  be 0.45  g/L of  dye.ntibacterial
gar well diffusion
Langmuir–Hinshelwood  model  was  used  to study  adsorption  kinetics  and  ﬁrst order  kinetic  model  best
describes  the MG  adsorption  on  ZnTiO3.  Antibacterial  activity  was  investigated  against  gram  negative
Klebsiella  aerogenes,  Pseudomonas  desmolyticum,  Escherichia  coli,  and  gram  positive  Staphylococcus  aureus
bacteria  by  agar  well  diffusion  method.  Nanocrystalline  ZnTiO3 ceramic  showed  signiﬁcant  effect  on all
the four  bacterial  strains  at the  concentration  of  1000  and  1500  g per  well.
© 2014 The  Ceramic  Society  of  Japan  and  the Korean  Ceramic  Society.  Production  and  hosting  by. Introduction
With increasing revolution in science and technology, there was
 bigger demand on opting for newer chemicals which could be
sed in various industrial processes. Among many new chemicals,
rganic dyes came up as one of the most widely used chemical stuff
hich could be used in many industrial activities. Therefore, dyes
ave become integral part of all industrial efﬂuents. Unprocessed
extile efﬂuents are highly poisonous in nature as they contain
 large number of organic and inorganic dyes. The bigger envi-
onmental responsiveness is for effective treatment of industrial
fﬂuent [1]. The colouring pigments such as anthraquinone or azo∗ Corresponding authors. Tel.: +91 9986159602.
E-mail addresses: prsnthmysore@gmail.com (P.A. Prashanth),
hk.chem@gmail.com (R. Hari Krishna).
Peer review under responsibility of The Ceramic Society of Japan and the Korean
eramic Society.
187-0764 © 2014 The Ceramic Society of Japan and the Korean Ceramic Society. Produc
ttp://dx.doi.org/10.1016/j.jascer.2014.07.008Elsevier  B.V.  All  rights  reserved.
groups present in the anionic, cationic or non-ionic dyes, which
have complex chemical structure are very difﬁcult to degrade at
normal condition [2]. Recently greater attention has been commit-
ted to the study of removal of dyes and pigments from industrial
efﬂuents and waste water by adsorption process using nanostruc-
tured materials [3]. Usually organic and inorganic dyes are removed
by different chemical and physical techniques, such as chemical
reaction, electro-coagulation, reverse osmosis, adsorption, ﬂoc-
culation, electro-ﬂoatation, ion exchange, membrane ﬁltration,
electrochemical destruction, precipitation and many others [4].
Among all these techniques, adsorption technique has been found
to be superior to other techniques for waste water treatment in
terms of initial cost, simplicity of design, ease of operation and
insensitivity to toxic substances [5].
Malachite green (MG) is a synthetic dye which is commonly
used for dyeing of cotton, silk, paper, and leather industries, in
manufacturing of paints and printing inks, and as a food colouring
agent, food additive, and medical disinfectant. However, despite its
use, MG  is hazardous because of its adverse effects on the immune
tion and hosting by Elsevier B.V. All rights reserved.
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nd reproductive systems, carcinogenic, genotoxic, mutagenic and
eratogenic properties [6,7]. For these reasons the United States and
he European Council have imposed a strict ban on the use of MG
n all categories of food. In addition to this, discharge of MG  into
he hydrosphere can cause severe ecological imbalance as it gives
ndesirable colour to water and reduces sunlight penetration that
arms aquatic life. Therefore, it is important to remove MG  from
queous efﬂuents before they are discharged into bodies of water.
In the past few years zinc-titanium based oxide materials
Zn–Ti–O) have been used widely because of their outstanding
roperties and potential scientiﬁc and technical applications [8].
ecently, zinc titanates have been investigated for application in
any ﬁelds such as regenerable sorbents for high-temperature
ydrogen sulﬁde (H2S) removal from coal gasiﬁer gas [9,10], gas
ensors [11], humidity sensors [12], paint pigments [13], dielectric
aterials [14,15], antibacterial agents [16] and as photocatalysts
17,18]. It is reported by various authors that there are three
ompounds existing in the ZnO–TiO2, including cubic inverse-
pinel type zinc ortho-titanate (Zn2TiO4), rhombohedral ilmenite
ype zinc meta-titanate (ZnTiO3) and cubic spinel type structured
n2Ti3O8 which is considered as low-temperature form of ZnTiO3
19,20]. Among all these, nanosized crystalline ZnTiO3 is a highly
igniﬁcant material which has been used as adsorbent for the dyes.
Even though many new antibiotics have been developed in
he last few decades, none of them have been found with better
ctivity against multidrug-resistant bacteria. It is therefore essen-
ial to plan better healing strategies including novel antibiotics.
ecently metal oxide nanoparticles have been effectively used for
he delivery of therapeutic agents, in chronic disease diagnostics,
o reduce bacterial infections in skin and burn wounds, to pre-
ent bacterial colonization on medical devices and in the food
nd clothing industries as an antimicrobial agent. Because of their
nique mode of action and potent antimicrobial activity against
ram positive and gram negative bacteria’s, the prospectus for
eveloping new generation antibiotics makes metal oxide nanopar-
icles as an attractive substitute to antibiotics to overcome the drug
esistance problem [21]. ZnO and TiO2 nanoparticles show antibac-
erial properties, but there is no satisfactory literature relating
o the antibacterial behaviour of nanocrystalline ZnTiO3 ceramic.
his attracts our attention to prepare nanocrystalline ZnTiO3 and
o study its antibacterial properties. In this study we present the
reparation and characterization of ilmenite type nanocrystalline
nTiO3 ceramic and studied its effectiveness in the adsorption
f hazardous MG dye. We  also evaluated the antibacterial activ-
ty against different pathogenic bacteria’s by agar well diffusion
ethod.
. Experimental
.1. Materials
Commercially pure zinc nitrate hexahydrate (Zn(NO3)2·6H2O,
R 99%, Merck), tetra-n-butyl titanate (Ti(OC2H9)4, AR 99%,
ldrich), urea (CO(NH2)2, AR 99%, Merck), 1:1 nitric acid
HNO3, Fisher Scientiﬁc), hydrochloric acid (HCl, Fisher Scientiﬁc),
odium hydroxide (NaOH, Fisher Scientiﬁc), MG  dye (C23H26ON2,
igma–Aldrich), nutrient agar media and Ciproﬂoxacin (Hi Media,
umbai, India) were used as such without further puriﬁcation.
.2. Preparation of nanocrystalline ZnTiO3 ceramicSolution combustion synthesis (SCS) was used for the ﬁrst
ime to prepare nanocrystalline ZnTiO3 ceramic. There are no sat-
sfactory literatures available to prepare nanocrystalline ZnTiO3
n SCS; we succeeded in producing ZnTiO3 ceramic material inramic Societies 2 (2014) 357–365
the nanoscale without any secondary phases. In this method, the
reaction mixture was calculated based on the total oxidizing and
reducing valances of the oxidizer and fuel required to release the
maximum energy for the reaction [22,23]. ZnTiO3 ceramic was pre-
pared in two simple steps:
(a) Preparation of titanyl nitrate
Titanyl nitrate solution was prepared by controlled hydrol-
ysis of tetra-n-butyl titanate with distilled water; further
reaction of formed titanyl hydroxide with 1:1 HNO3 gives
titanyl nitrate. The following reactions take place during the
formation.
Ti(OC4H9)4 + 3H2O → TiO(OH)2 + 4C4H9OH (1)
TiO(OH)2 + 2HNO3 → TiO(NO3)2 + 2H2O (2)
(b) Combustion process
The titanyl nitrate was dissolved in minimum quantity water
and the stoichiometric quantities of Zn(NO3)2, and CO(NH2)2
were mixed in the double distilled water and stirred well using a
magnetic stirrer for about 30 min. The crystalline dish contain-
ing the above solution was introduced into preheated mufﬂe
furnace maintained at 500 ± 10 ◦C. The solution was boiled and
resulted in a highly viscous liquid. This viscous liquid catches
ﬁre and auto ignited with ﬂames on the surface, which rapidly
proceeded throughout the entire volume forming a white pow-
dered product. The overall reaction can be written as
3Zn(NO3)2 + 10NH2CONH2 + 3TiO(NO3)2
→ 3ZnTiO3 + 10CO2 + 16N2 + 20H2O (3)
The obtained product was  calcinated at 600–800 ◦C for 2 h in
open air atmosphere.
2.3. Preparation of malachite green dye solution
An accurately weighed amount of the MG dye was dissolved
in distilled water to prepare stock solution (10 mg/l). Experimen-
tal solutions of desired concentration were obtained by successive
dilutions.
3. Characterization techniques
SCS derived product was characterized by PXRD. Powder X-ray
diffraction patterns were collected on a Shimadzu XRD-700 X-ray
diffractometer with CuK radiation with diffraction angle range
2 = 20–80◦, operating at 40 kV and 30 mA.  Product was morpholog-
ically characterized by HR-TEM analysis which was performed on a
Hitachi H-8100 (accelerating voltage up to 200 kV, LaB6 Filament).
FE-SEM was  performed on a ZEISS scanning electron microscope
equipped with EDS with a voltage of 5 kV. Malvin zeta proﬁler was
used to study the surface morphology with Z range 25 m,  step
size 0.124 m,  ﬁeld view 474 m × 356 m.  The FT-IR studies have
been performed on a Perkin Elmer Spectrometer (Spectrum 1000)
with KBr pellet technique in the range of 400–4000 cm−1. To calcu-
late optical energy band gap, UV–vis spectrum was recorded using
Elico SL-159 UV-Vis spectrophotometer. Kemi centrifuge was used
to separate dye solution from adsorbent.
4. Results and discussion
4.1. PXRD studiesThe formation of nanocrystalline phase of prepared sample was
conﬁrmed by PXRD measurements. The PXRD results were ana-
lyzed with crystallographica search match. The PXRD of as-formed
R.S. Raveendra et al. / Journal of Asian Ceramic Societies 2 (2014) 357–365 359
20 30 40 50 60 70 80
ICDD 26-150 0
In
te
ns
ity
 
(ar
b.u
nit
)
2θ (degree )
as formed
600 oC 2 h
* =Rutile TiO2
##* 700
oC 2 h
# = Zn2TiO4
(22
0)
(21
7)
(11
9)
(20
8)(30
0)
(21
4 )
(01
8)(11
6)
(02
4)
(11
3)
( 11
0)
(10
4)
(01
2)
(10
1)
800 oC 2 h
s
p
7
t
Z
n
c
a
b
a
t
(
o
t
o
l
(
u
d
w
r
s
o
i
s
e
T
T
C
CFig. 1. PXRD patterns of nanocrystalline ZnTiO3 ceramic.
ample and the sample calcined at 600 ◦C for 2 h show the amor-
hous nature of product (Fig. 1). Whereas the sample calcined at
00 ◦C for 2 h conﬁrms the crystallinity of the sample with ilmenite
ype ZnTiO3 and secondary phases like inverse-spinel type cubic
n2TiO4 (ICDD card number 25-1164) and rutile TiO2 (ICDD card
umber 65-192) [24]. Whereas in the PXRD of the sample cal-
ined to 800 ◦C for 2 h, the secondary phases were not observed
nd all the peaks are in good agreement with the ICDD card num-
er 26-1500 with a space group R−3 (No-148) and cell parameters
 = b = 5.078 A˚, c = 13.927 A˚. All the diffraction peaks can be indexed
o (1 0 1), (1 0 2), (1 0 4), (1 1 0), (1 1 3), (0 2 4), (1 1 6), (0 1 8), (2 1 4),
3 0 0), (2 0 8), (1 1 9), (2 1 7) and (2 2 0) reﬂections. The broadening
f the reﬂections clearly indicates the inherent nature of nanocrys-
als. The crystal structure of the nanocrystalline ZnTiO3 ceramic
btained using powder cell software is shown in Fig. 2. The crystal-
ite size is calculated from the full width at half maximum (FWHM
ˇ)) of the diffraction peaks using Debye–Scherer’s method [25]
sing the following equation:
 = k
 ˇ cos 
(4)
here ‘d’ is the average crystalline dimension perpendicular to the
eﬂecting phases, ‘’ is the X-ray wavelength, ‘k’ is Scherer’s con-
tant (0.92), ‘ˇ’ is the full width at half maximum (FWHM) intensity
f a Bragg reﬂection excluding instrumental broadening and ‘’
s the Bragg’s angle. The calculated average crystallite size of the
ample is found to be 16 nm.  The lattice and the structural param-
ters of the nanocrystalline ZnTiO3 ceramic are summarized in
able 1.
able 1
rystal parameters of the nanocrystalline ZnTiO3 ceramic.
Atoms Oxidation state Wyckoff notation 
Zn 2+ 6c 
Ti  4+ 3b 
O  2− 18f 
rystal system: rhombohedral; space group: R−3 (148); point group: −3, hexagonal axis.Fig. 2. Packing diagram of nanocrystalline ZnTiO3 ceramic.
4.2. FT-IR spectroscopic studies
Fig. 3 represents FT-IR spectrum of the sample recorded to deﬁne
the vibrational frequency of metal–oxygen and other bonds related
to impurities present in the nanocrystalline ZnTiO3 calcined at
800 ◦C for 2 h. It can be seen that no major impurity peaks corre-
sponding to the organic impurities was observed. However, a weak
band can be seen at 2358 cm−1 which is ascribed to the stretching
vibration of the C–H band of butyl group in n-butyl titanate. Strong
absorption bands at 536 cm−1 and 429 cm−1 can be assigned to the
stretching vibration of M–O  bonds (M = Zn, Ti) [26].
x y z Occupancy
0.0000 0.0000 0.3580 1
0.0000 0.0000 0.5000 1
0.3050 0.0150 0.2500 1
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Fig. 3. FTIR spectrum of nanocrystalline ZnTiO3 ceramic.
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Surface proﬁle of nanocrystalline ZnTiO3 ceramic.
Ra Rq Rpv Rp Rv Rsk Rz Rkuig. 4. (a) UV–vis spectrum and (b) optical energy band gap of nanocrystalline
nTiO3 ceramic.
.3. UV–vis spectroscopy studies
In order to determine the optical energy band gap of sample,
he UV–vis absorption spectrum was recorded. The sample shows
 strong absorption peak (max) at 235 nm at the UV region. Fig. 4(a)
hows the UV–vis absorption spectrum of sample calcinated at
00 ◦C for 2 h. This can be attributed to photo excitation of electron
rom valence band to conduction band. The optical energy band gap
Eg) was estimated (Fig. 4(b)) by the method proposed by Wood and
auc [27] according to the following equation:
h˛)˛(h − Eg)n (5)here ‘˛’ is the absorbance, ‘h’ is the Planck constant, ‘’ is the
requency, ‘Eg’ is the optical energy band gap and ‘n’ is a constant
ssociated to the different types of electronic transitions (n = 1/2, 2,
Fig. 5. (a and b) FE-SEM and (c) EDS microgra0.6946 0.8888 5.777 2.371 3.406 −0.0032 4.770 0.0361
3/2 or 3 for direct allowed, indirect allowed, direct forbidden and
indirect forbidden transitions, respectively). Eg value for ZnTiO3
ceramic is ∼3.6 eV which is well agreement with the literature.
4.4. Morphological analysis
Fig. 5(a) and (b) shows FE-SEM images of nanocrystalline ZnTiO3
ceramic calcined at 800 ◦C for 2 h. Micrographs reveals that the
particles are nearly spherical in shape, has uniform size and dis-
tribution. The particles are highly agglomerated due to sintering
of particles during calcination. Energy dispersive spectroscopy was
used to analyze the chemical composition of the prepared ZnTiO3
ceramic. No elements other than Zn, Ti and O are seen using energy
dispersive spectroscopy (Fig. 5(c)). Furthermore, Zn:Ti:O is in the
atomic ratio 19:19:61, which is very close to the expected com-
position. TEM image of ZnTiO3 ceramic (Fig. 6(a)) shows that the
particles obtained are in nanoregime and has average particle size
∼10 nm.  HR-TEM image (Fig. 6(b)) shows that the ZnTiO3 ceramic
is highly crystalline with lattice spacing of 0.23 nm.  These results
are well matched with the results obtained by Debye–Scherer’s
method.
4.5. Surface proﬁle
The surface proﬁle was  examined based on the optical interfer-
ometry measurements. The 2D, 3D and line graph of surface proﬁle
were as shown in Fig. 7(a)–(c). Roughness average (Ra), RMS  rough-
ness average (Rq), maximum proﬁle height (Rpv), maximum peak
height (Rp), maximum valley depth (Rv), symmetry of the proﬁle
around the mean (Rsk), maximum roughness depth/height param-
eter (Rz) and the randomness of the height (Rku) were tabulated
in Table 2. The mean and standard deviation values of Rsk and Rku
conﬁrm the nanoscale surface morphology of the prepared sample.
The 2D, 3D and line graph of surface proﬁle images conﬁrms the
presence of agglomerated grains with their uniformity and con-
nectivity through the grain boundaries. Muhammad Awais et al.
studied dye adsorption studies of NOx and in their studies they
found that more the surface roughness higher is the dye adsorption
behaviour [28].
5. Adsorption studiesAdsorption experiments were performed using organic
hazardous cationic MG dye. MG  is a basic triphenylmethane
dye with a molecular weight 327. IUPAC name of MG  is
phs of nanocrystalline ZnTiO3 ceramic.
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Fig. 6. (a) TEM and (b) HR-TEM of nanocrystalline ZnTiO3 ceramic.
Fig. 7. (a) 2D, (b) 3D and (c) line graph of surface proﬁle of nanocrystalline ZnTiO3 ceramic.
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Fig. 10. Effect of dose of adsorbent on adsorption of MG.  (Inset) % degradation plot.
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Fig. 9. Effect of contact time on adsorption of MG.  (Inset) % degradation plot.
4-[(4-dimethylaminophenyl)-phenylmethylidene]-1-cyclohexa-
,5-dienylidene] dimethylazanium with molecular formula
23H25N2+. MG has a high solubility in acidic organic solvents but
ess in water [29]. Chemical structure and UV–vis spectrum of
alachite green dye are shown in Fig. 8.
Batch experiments were carried out at different times, dose,
H, and initial concentration of dye. 100 ml  of dye solution of con-
entration (5 ppm, 7.5 ppm and 10 ppm) was mixed with different
ose (5–65 mg)  of adsorbent in 250 ml  beaker at lab temperature.
he dye solution containing adsorbent was stirred magnetically (in
bsence of light) to increase the contact between the dye solution
nd the adsorbent. After desired time the adsorbent was separated
rom the solution by centrifugation at 1800 rpm for 5 min. Residual
oncentration of dye in supernatant was estimated spectrophoto-
etrically by monitoring the absorbance at 618 nm (max).
.1. Effect of contact time
Effect of contact time on the adsorption of MG onto nanocrys-
alline ZnTiO3 ceramic was studied. It can be observed from Fig. 9
hat the dye adsorption increases with the increasing of stirring
ime of 30 min. The rate of adsorption is initially quite rapid with
ost of the compound being adsorbed within the ﬁrst 30 min. It
as found that more than 96% adsorption of dye occurred in the
rst 30 min; thereafter the rate of adsorption was found to be slow.
his shows that equilibrium can be assumed to be achieved after
0 min. It is basically due to saturation of the active site which does
ot allow further adsorption to take place [30].
.2. Effect of dose of adsorbent
Adsorption of dye is strongly inﬂuenced by the quantity of the
dsorbent. Adsorption of MG  onto nanocrystalline ZnTiO3 ceramic
as studied with changing the amount of adsorbent from 5 mg/L to
5 mg/L at a constant stirring rate of 30 min  with optimum dye con-
entration of 10 ppm. It is observed from Fig. 10 that with increase
n the dose, adsorption of MG  increases up to optimum quantity of
dsorbent. Maximum of 96% dye adsorbed at the dose of 45 mg
f adsorbent. Further increase in adsorbent dose, decreases the
dsorption percentage. This might be attributed to over-lapping or
ggregation of adsorption sites resulting in decrease in total adsor-
ent surface area available to MG and increase in path length [31].
.3. Effect of pHThe pH of system has a great effect on the adsorption efﬁciency
f organic dyes. Effect pH on MG  adsorption onto the nanocrys-
alline ZnTiO3 ceramic was carried out at 10 ppm of initial dyeW av elength (nm )
Fig. 11. Effect of pH on adsorption of MG.  (Inset) % degradation plot.
concentration with 45 mg  mass of adsorbent at 30 min  of stir-
ring rate at lab temperature. As given in Fig. 11, nanocrystalline
ZnTiO3 show maximum of 96% dye adsorption at the pH of 9 which
decreased to 3% at pH of 2. This conﬁrms that the low pH (2–5)
was unfavourable for MG adsorption by nanocrystalline ZnTiO3
ceramic.
5.4. Effect of initial concentration
The initial concentration of dye is also another parameter which
needs to be taken into account. It is very interesting to note that
the percentage of adsorption for 5 ppm dye solution was  very low
since the availability of dye molecules to the adsorbent was  poor.
With increasing the concentration of dye to 7.5 ppm, percentage
of adsorption slightly increases further for 10 ppm of MG  concen-
tration, and percentage of adsorption onto nanocrystalline ZnTiO3
ceramic was found to be high (96%). This experimental result clearly
explains that availability of dye molecules to interact with the
adsorbent should be in the optimum range. As the initial dye con-
centration increased from 5 ppm to 7.5 ppm, 7.5 ppm to 10 ppm, the
adsorption of MG onto the nanocrystalline ZnTiO3 ceramic is indi-
cating that the initial concentration provided a powerful driving
force to overcome the mass transfer resistance between the aque-
ous and solid phases. Fig. 12 shows the effect of initial concentration
of the dye.
5.5. Mechanism of adsorption of MG onto nanocrystalline ZnTiO3
ceramic
Mechanism of adsorption of MG onto the nanocrystalline ZnTiO3
ceramic can be explained on the basis of pH effect [32]. Under acidic
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persed in sterile water and it was used as a negative control and
simultaneously the standard antibiotic Ciproﬂoxacin (5 g/50 l)
(Hi Media, Mumbai, India) as positive control was tested against
the bacterial pathogens. Then the plates were incubated at 37 ◦CFig. 12. Effect of initial concentration of dye.
onditions, it is difﬁcult for cationic MG  dye to adsorb onto the
anocrystalline ZnTiO3 surface. This is because, as initial pH of dye
olution decreased, the number of negatively charged adsorbent
ites decreased and positively charged sites increased which did
ot favour the adsorption since the MG  is a cationic dye resulting in
lectrostatic repulsion. This decrease in the adsorption at lower pH
s also due to the fact that the presence of excess H+ released from
he MG dye at acidic condition which opposing with dye cations
or the adsorption. In turn at higher pH the negatively charged
ites on adsorbent molecule increase which attracts the positively
harged sites of cationic MG dye resulting in high adsorption. The
roposed scheme of interaction of nanocrystalline ZnTiO3 with MG
s as shown below.
C N+ (CH3)2
(CH3)2 N
ZnTiO3+ C
(CH3)2 N
.6. Efﬁciency of reused adsorbent
The ZnTiO3 used in the treatment was centrifuged, and desorp-
ion of pollutant was done using chemical leaching method. HCl
0.1 N) was used to desorb the pollutant (malachite green) from
nTiO3 adsorbent and dried at 120 ◦C in a hot oven before it was
eused for the succeeding adsorption experiments. However, the
esults obtained for regenerated adsorbent were not so signiﬁcant
nd the ZnTiO3 shows poor adsorption efﬁciency after ﬁrst use. So,
t cannot be recycled and reused further as adsorbent for malachite
reen in aqueous solution.
.7. Adsorption kinetics
In order to ﬁnd out the potential rate controlling steps involved
n the process of adsorption, adsorption kinetics were established.
angmuir–Hinshelwood model expressed in Eq. (7) was  applied to
nderstand the adsorption kinetics quantitatively. This model has
een used to calculate the rate constant of adsorption experiments
33].
 = −dc
dt
= kr KC(1 + KC) (6)ramic Societies 2 (2014) 357–365 363
N+ (CH3)2
Ti
-O
-O O
Zn2+
-
-
-
-
where ‘r’ is the adsorption rate, ‘kr’ is the adsorption rate constant,
‘K’ is the absorption coefﬁcient of the reactant, and ‘C’ is the reactant
concentration. When C is very small, Eq. (6) can be expressed by Eq.
(7).
r = −dc
dt
= krKC = kC (7)
where ‘k’ is the ﬁrst-order rate constant. Set t = 0, C = C0, Eq. (8) can
be induced.
ln
C0
C
= kt (8)
Fig. 13 shows the adsorption rate of nanocrystalline ZnTiO3
under room temperature. It is clear that the kinetic simulation curve
with stirring time (t) as abscissa and ln(C0/C) as the vertical ordi-
nate is close to a linear curve with the ﬁtting constant ‘R’ greater
than 0.96. It is observed that nanocrystalline ZnTiO3 exhibits good
adsorption activity (k = 0.021 min−1).
6. Antibacterial studies
Antibacterial activity was screened by agar well diffusion
method [34] against four bacterial strains gram negative Klebsiella
aerogenes NCIM-2098, Pseudomonas desmolyticum NCIM-2028,
Escherichia coli NCIM-5051, and gram positive bacteria Staphylococ-
cus aureus NCIM-5022. The Muller hinton agar was used to culture
bacteria. Nutrient agar plates were prepared and swabbed using
sterile L-shaped glass rod with 100 l of 24 h mature broth cul-
ture of individual bacterial strains. The wells were made by using
sterile cork borer (6 mm)  and were created into the each petri-
plate. Varied concentrations of nanocrystalline ZnTiO3 (1000 and
1500 g/well) were used to assess the activity. Compound was dis-Fig. 13. Adsorption kinetics of MG  adsorption over ZnTiO3.
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Fig. 14. Zone of inhibition tests for nanocrystalline ZnTiO3 against (a) K. aerogenes,  (b) E. coli, (c) S. aureus and (d) P. desmolyticum.
Table 3
Antibacterial activity of nanocrystalline ZnTiO3 ceramic on pathogenic bacterial strains.
Sl. no Treatment Mean ± SE
Klebsiella aerogenes Escherichia coli Staphylococcus aureus Pseudomonas desmolyticum
1 Standard (5 g/50 L) 13.00 ± 0.00 24.67 ± 0.33** 19.67 ± 0.33** 18.67 ± 0.33**
2 ZnTiO3 (1000 g/100 L) 3.33 ± 0.33** 6.00 ± 0.00 4.33 ± 0.33** 2.00 ± 0.00
3  ZnTiO3 (1500 g/150 L) 5.67 ± 0.33* 7.33 ± 0.33** 8.00 ± 0.00 3.33 ± 0.33**
V
f
t
m
c
6
c
P
w
s
1
F
t
talues are the mean ± SE of inhibition zone in mm.
* P < 0.05 as compared with the control group.
** P < 0.01 as compared with the control group.
or 24–36 h, the zone of inhibition was measured in millimetre of
he every well and also the values were noted. Triplicates were
aintained in every concentration and also the average values were
alculated for the ultimate antibacterial activity.
.1. Results of antibacterial studies
The antibacterial properties of the nanocrystalline ZnTiO3
eramic were evaluated against gram negative K. aerogenes,  E. coli,
. desmolyticum,  and gram positive S. aureus bacteria using agar
ell diffusion method. In this method the nanocrystalline ZnTiO3
howed signiﬁcant antibacterial activity on all bacterial strains with
000 and 1500 g concentration. The zone of inhibition is given in
ig. 14 and data is given in Table 3.
The observed antibacterial activity of the prepared nanocrys-
alline ZnTiO3 may  be due to the presence of both ZnO and TiO2 in
he prepared compound. The following factor may  be responsiblefor antibacterial activity viz., (i) the improved colloidal aqueous sta-
bility of composite nanoparticles from the combination of ZnO with
TiO2, (ii) the ionic size of nanocrystalline ZnTiO3 and (iii) reactive
oxygen species (ROS) formation [35]. The antibacterial effect of this
nanocrystalline ZnTiO3 seems to be administered by the presence of
ionic and colossal structural patterns which is in good agreement
with the pharmacophore. The presence of these helps the com-
pounds to interact or penetrate more with cell membrane of the
bacteria’s and thereby inactivating them. This may  be due to the dis-
tance between the positively charged groups and the nanoparticles.
Another widely postulated mechanism is that of the “self-promoted
uptake” [36] of the antibiotic across the outer membranes of bacte-
ria which consist of lipopolysaccharide surface. This suggests that
the nanoparticles interact with the charged outer membrane and
subsequent channel formation in the cytoplasmic membrane via
either “Barrel-Stave” or “Carpet” mechanism [37,38] resulting in
cell death.
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. Conclusion
Nanocrystalline ilmenite type ZnTiO3 ceramic was successfully
repared by the simple SCS method and its adsorption capacity for
G dye was investigated. The result showed that the parameters
uch as effect of pH and contact time will play a very important role
n the adsorption. Adsorption kinetics results show that adsorption
f MG over ZnTiO3 follows ﬁrst order kinetics. Antibacterial activity
f the nanocrystalline ZnTiO3 was evaluated with four different
acterial pathogens. Results of antibacterial tests conclude that at
igher concentration (1000 and 1500 g), nanocrystalline ZnTiO3
an act as an excellent antibacterial agent against gram negative
. aerogenes,  E. coli, P. desmolyticum and gram positive S. aureus
acteria in agar well diffusion method.
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